Introduction: The use of administrative data to capture 30-day readmission rates in end-stage renal disease is challenging since Medicare combines claims from acute care, inpatient rehabilitation (IRF), and long-term care hospital stays into a single "Inpatient" file. For data prior to 2012, the United States Renal Data System does not contain the variables necessary to easily identify different facility types, making it likely that prior studies have inaccurately estimated 30-day readmission rates.
estimate of actual 30-day readmission rates. Most researchers studying patients receiving dialysis use the United States' Renal Data System (USRDS), a data registry jointly sponsored by the National Institutes of Health and CMS that contains virtually all Part A and Part B Medicare claims from the United States ESRD program. 2, 4 Despite its comprehensiveness, estimating 30-day readmission rates remains a challenge because of the complexity of Medicare's payment structure. 4 Hospitalizations and re-hospitalizations in Medicare are difficult to study because the Medicare Administrative Research Files (including those contained in the USRDS), combine all acute care (inpatient, or IP), inpatient rehabilitation facility (IRF), and long-term care hospital (LTCH) claims into the "Inpatient" claims file. 5 The Research Files mirror Medicare's consideration of IP, IRF, and LTCH as inpatient facilities. 6, 7 Notably, other institutional facilities such as skilled nursing facilities, outpatient institutional facilities, home health, and hospice are covered separately under Medicare Part A, and are thus not included in the Inpatient claims file. 5, 6 Researchers investigating acute hospitalizations (and 30-day readmissions) should first separate IP claims from IRF and LTCH claims. Otherwise, they may mistakenly count transfers from acute care to postacute care as separate admissions (and 30-day readmissions). The Centers for Medicare and Medicaid Services concurs with this distinction, and has excluded IRF and LTCH stays from its Readmissions Reduction Program. 8 Virtually all prior studies using USRDS data have not separated acute and postacute care claims, so that 30-day readmission rates were likely overestimated. 2, [9] [10] [11] [12] [13] [14] [15] Some studies have attempted to account for postacute care transfers by combining hospital stays occurring within one day of each other. 2, 13 However, this correction overestimates the overall rate of hospitalization by calculating a lower number of days at risk, and underestimates the readmission rate by ignoring transfers from IRF and LTCH back to IP. It also overestimates the average cost and length of stay of acute-care (IP) hospitalizations.
To separate postacute care stays from IP stays, the Research Data Assistance Center (ResDAC, https://www.resdac.org/), a CMS contractor that distributes Medicare claims data, recommends using a Medicare-assigned provider number to determine the source of the claim (IP, IRF, or LTCH) (Supporting Information Appendix A, "Gold Standard"). 16 Although these provider numbers are available in all USRDS' claims data after 2012, they are not present in older claims distributed by the USRDS. 17 Because these provider numbers are missing, investigators cannot easily determine if claims prior to 2012 represent acute or postacute care. In this study, we investigated the effectiveness of four potential strategies to determine the source of an inpatient claim without relying on the Medicare-assigned provider number. By using 2012 USRDS claims data, we were able to compare these strategies to a "gold standard," which we constructed using the provider numbers. The first two strategies used the most commonly employed methods of separating acute care claims from postacute care claims: an "ungrouped claims method," which treats each inpatient claim as an individual IP admission and a "na€ ıve method," which combines claims with overlapping dates in a single IP admission. To address the potential shortcomings of these first two strategies, we developed two methods, a "simple method" and a "rehabilitationadjusted method," to determine the source of an inpatient claim. We then validated these methods by comparing to the gold standard approach.
METHODS

Data source and population
The study was approved by the Stanford Institutional Review Board. To ensure that we accounted for all inpatient health care utilization, we excluded patients without Medicare Parts A and B coverage at any point during the study period of March 1, 2012, to December 31, 2012. We used all inpatient claims of the included patients during the study period. In addition to the variables from the publically available portion of the USRDS, we obtained Medicare provider variables from the USRDS to generate a "gold-standard" for determining the location of an inpatient claim (Supporting Information Appendix A). Because Medicare provider variables are only available from the years 2012 and later, and because our methods required a lag period to reliably identify postacute care services, we chose to start our study period on March 1, 2012 instead of the beginning of the calendar year.
Construction of admissions
We used five distinct algorithms to group "inpatient" claims into admissions (Figure 1 , Supporting Information Appendix A for technical details, Tables S2 and S3). Admissions were subsequently assigned a location: shortterm acute hospital care (IP), inpatient rehabilitation facility (IRF), or long-term care hospital (LTCH). We assigned admission and discharge dates to each admission, corresponding to the "from date" of the first claim and the "through date" of the last claim, respectively. Admissions for each beneficiary could not span multiple locations and were not allowed to overlap by more than one day.
The first three algorithms were modeled after methods identified in previously published research. We refer to these algorithms respectively as: (a) gold standard, (b) ungrouped claims method, and (c) na€ ıve method. 2, [9] [10] [11] [12] [13] [14] [15] Gold standard admissions were created using the Medicare provider codes to determine the location of each inpatient claim (i.e., IP, IRF, or LTCH). By using Figure 1 Algorithms for each method: gold standard, ungrouped claims method, na€ ıve method, simple method, and rehabilitation-adjusted methods. Panel A shows the gold standard process, where locations are first assigned to each claim. Claims of the same location type are then grouped together into the same admission based on discharge codes. Panel B shows the ungrouped claims method, where claims are categorically assumed to be individual acute hospitalizations (IP stay). Panel C outlines the na€ ıve method, when claims with overlapping dates are grouped together into a single acute hospitalization (IP stay). Panel D shows the process in the simple method. The location of pseudoadmissions was inferred by using the discharge status code, with adjacent pseudoadmissions of the same type grouped to the same admission. Panel E gives an example of the rehabilitation-adjusted method. Here, the simple method is modified by assigning pseudoadmissions with diagnosisrelated group codes of 945 and 946 to IRF. The process of grouping pseudoadmissions is then repeated using the discharge status code. Abbreviations: IP 5 acute hospitalization (traditional inpatient stay), IRF 5 inpatient rehabilitation facility, LTCH 5 long-term care hospital, DRG 5 diagnosis-related group. discharge codes and claim dates, we grouped claims that represented a transfer of care to the same location type or a continuation of the same institutional stay. The ungrouped claims method assumed that each individual claim belonged to a distinct IP admission. It did not use dates or other information from the claims to determine the admission location. The na€ ıve method assumed that all claims with overlapping dates originated from the same IP admission and grouped the claims accordingly.
We subsequently developed two algorithms for constructing admissions, which we refer to as: (d) simple method and (e) rehabilitation-adjusted method (see Supporting Information Appendix B for SAS code). For the simple method, if claims had overlapping dates, the location of service was inferred using the discharge code of the previous claim. We then grouped claims of the same location type into the same admission. The rehabilitation-adjusted method modified the simple method's algorithm by incorporating rehabilitation Diagnosis Related Group (DRG) codes.
Population cohorts
Before performing any construction of admissions or analyses, we randomly divided patients into two distinct cohorts, a "calibration cohort" and a "verification cohort." We used these cohorts to validate the simple and rehabilitation-adjusted methods. We developed the simple method using prior knowledge of the structure of the USRDS claims data, and we tested the method using the calibration cohort. Because the simple method did not accurately identify IRF or LTCH claims, we subsequently created the rehabilitation-adjusted method, which we Re-evaluation of re-hospitalization and rehabilitation then tested using the verification cohort. Since the two cohorts were split by patient rather than by hospitalization, the numbers of hospitalizations in the calibration and verification cohorts were not identical.
Assigning 30-day readmissions
We calculated 30-day readmission rates by determining the proportion of IP discharges with a subsequent IP admission within 30 days. Admissions ending in death were not eligible for readmission and were thus excluded in calculating readmission rates.
Statistical analysis
We performed all database management and analytic functions using SAS 9.4 (SAS Institute, Cary, NC, USA). Using each method, we determined the number of admissions that matched the gold standard in location and dates, which was identical to comparing whether claims were grouped identically since admissions were not allowed to overlap. We used net reclassification percentages to compare the performance of the various methods developed. These were calculated by subtracting the proportion of admissions that were reclassified incorrectly from the proportion of admissions that were reclassified correctly.
RESULTS
During the study period, a total of 274,115 "inpatient" claims were grouped using the gold standard into 266,769 admissions, with 94.8% of admissions made up of IP stays (Table  1 , Gold Standard). The remaining admissions were split relatively evenly among IRF (2.5%) and LTCH (2.8%) stays. Using the ungrouped claims method led to the correct identification of 92.6% of admissions, indicating that the Incorrect assignment can be due to either incorrect dates, incorrect location, or both.
majority of inpatient admissions were IP stays with one claim (Table 1) . Most of the assignment errors were due to having an incorrect location (5.2% of all admissions), with the rest of the errors coming from having incorrect dates (2.2% of all admissions) ( Table 2) . A small group of admissions had both incorrect dates and location (0.1% of all admissions). The na€ ıve method had a lower identification rate, with 86.5% of admissions correctly classified. In addition to having 5.2% of admissions with erroneous location, 12.9% of admissions had incorrect dates, and 4.6% of admissions had errors in both dates and location. Conversely, the simple and rehabilitation-adjusted methods correctly identified 98.4% and 99.0% of total inpatient admissions respectively, and both methods identified almost all IP admissions (99.7% and 99.8%). Although the simple method identified 78.5% of IRF admissions, the rehabilitation-adjusted method correctly identified 96.8% of IRF admissions, with 18.3% of rehabilitation stays correctly reclassified (Supporting Information Table S3 ). Whereas 21.3% of IRF stays were assigned an incorrect location by the simple method, 2.6% of IRF stays were assigned an incorrect location by the rehabilitation-adjusted method ( Table 2) . Neither of the methods performed particularly well at identifying LTCH stays, with the simple method and rehabilitation-adjusted method both identifying 73% of LTCH admissions correctly.
The choice of method changed the estimated frequency, length of stay, and cost of hospitalizations and 30-day readmissions (Table 3, Figure 2 ). For instance, using the ungrouped claims method or the na€ ıve method led to an overestimation of the average cost of IP hospitalization by 2.2% and 12.9% ($15,230 and $16,833 vs. $14,903 with the gold standard), while the rehabilitation-adjusted method overestimated the average cost by 1.1% ($15,070). Similarly, the ungrouped claims method and the na€ ıve method overestimated the average length of stay of an IP stay (8.1 days and 9.0 days vs. 7.6 days with the gold standard). Conversely, the simple and rehabilitation-adjusted methods estimated length of stay as 7.8 and 7.7 days, respectively. Using the ungrouped claims method led to an overestimate of the proportion of admissions leading to a 30-day readmission (42.0% of admissions vs. 37.4% of admissions with the gold standard). Conversely, the na€ ıve method led to an underestimate of this proportion (35.4%). Compared to the gold standard, the simple and the rehabilitation-adjusted methods yielded similar rates of 30-day readmissions (37.4%) and associated average cost ($15,274 and $15,220 vs. $15,000).
DISCUSSION
Using USRDS claims data, we reliably determined the location of IP and IRF claims by constructing two methods that To facilitate comparison of total costs among methods, we used the entire patient cohort to calculate admission characteristics for all methods. Average length of stay and average cost did not change for the simple or rehabilitation-adjusted methods when using the calibration and verification cohorts.
distinguished between acute care and postacute care hospitalizations. The simple method was not as reliable at identifying IRF or LTCH claims because CMS does not obligate an IP stay immediately prior to an LTCH or IRF admission. 6, 7 We improved the identification of IRF claims by utilizing rehabilitation-oriented DRG codes in the rehabilitation-adjusted method. Because CMS reimburses LTCH stays with the same DRG codes as IP, we could not create a similar solution for LTCH. 18 Previous studies examining hospitalizations and 30-day readmissions have treated all claims as IP using either the ungrouped claims method or a variation of the na€ ıve method.
2,9-15 As we have illustrated, by using these methods, prior studies have likely made inaccurate estimates of 30-day re-hospitalization rates. Although researchers could alleviate some of these inaccuracies by utilizing the gold standard approach, Medicare provider variables are only available from the USRDS in claims data after 2012. 17 Because the USRDS has only released data through the end of 2013, investigations using the gold standard are limited to 2 years of claims data. Our method would help researchers and policy makers more accurately estimate 30-day readmission rates when using data older than 2012.
The main limitation of our study is that the analyses were limited to 2012 claims. It is possible that our approach does not perform as well with previous years of the USRDS claims data, although the same variables (DRG and discharge codes) used to improve classification accuracy were available at least as far back as 2007. 19 A second limitation of our study was that we were unable to reliably identify LTCH stays.
In summary, we have developed an accurate method to identify acute hospitalizations (IP) and rehabilitation (IRF) stays without using the Medicare provider number, which is only available in data after 2012. Future studies could pursue how to refine this algorithm to more accurately identify LTCH claims. 
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